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MAGNETIC RECORDING MEDIUM AND
MAGNETIC STORAGE APPARATUS

BACKGROUND OF THE INVENTION

0001] 1. Field of the Invention

0002] The present invention generally relates to magnetic
recording media and magnetic storage apparatuses.

0003] 2. Description of the Related Art

0004] A metal thin film having a recording layer made of
a ferromagnetic material 1s used for a recording medium
used for a hard disk apparatus. The metal thin film 1s made
of a large number of ferromagnetic crystal particles of
CoCrPt alloy and polycrystal made of non-magnetic grain
boundary parts 1solating the ferromagnetic crystal particles.
As recording density 1s becoming high these days, 1t 1s
necessary to progress in making the ferromagnetic crystal
particle minute to reduce medium noise.

[0005] On the other hand, a magnetic recording medium
made of plural recording cells artificially separated from
cach other as a recording layer 1s suggested. Since each of
the recording cells 1s arranged separately, interaction among,
the recording cells 1s reduced so that the medium noise can
be reduced. However, since the recording cell has informa-
tion of 1 bit, 1t 1s necessary to make the recording cell minute
in order to achieve high recording density.

[0006] In any cases of such a magnetic recording medium,
as for making the recording cell minute, there 1s a problem
of a phenomenon where the magnetization recorded in the
recording layer 1s reduced with the passage of time, that 1s,
a problem of thermal stability of the recorded magnetization
(thermal fluctuation) may happen. Because of this, a method
1s used whereby a umaxial anisotropic constant 1s increased
so that thermal stability of the recorded magnetization 1s

maintained. See Japan Laid-Open Patent Application Pub-
lications No. 05-258268 and No. 2004-220670.

[0007] Meanwhile, since anisotropic magnetic field
strength 1s 1ncreased due to increase of the uniaxial aniso-
tropic constant of the recording layer, the magnetization of
the recording layer may not be reversed even if a magnetic
field 1n a reverse direction 1s applied. Because of this, it 1s
necessary to increase the recording magnetic field strength
for reversing the magnetization of the recording layer 1n the
magnetic head. However, 1t 1s also necessary to make a
recording element of the magnetic head minute as the
recording density becomes higher. Therefore, 11 the record-
ing magnetic field strength 1s increased, a magnetic pole of
the recording element 1s magnetically saturated so that the
recording magnetic field strength cannot be increased.
Because of this, a soit magnetic material having a high
saturation magnetic flux density 1s sought as a magnetic pole
material. However, such a material may not be made avail-
able. Thus, as the recording density becomes higher, record-
ing for the magnetic recording medium and the recording
clement may become difhcult.

[0008] In the recording magnetic field emanating from the
recording element to the recording layer, the magnetic field
strength distribution may be spread as the magnetic pole
becomes close to a magnetically saturated situation. That 1s,
as a recording magnetic field flowing from the recording
clement becomes close to the recording layer, the magnetic

Oct. 5, 2000

field strength distribution is spread and therefore it 1s dithi-
cult to apply the recording magnetic field to be concentrated
on a narrow area ol the recording layer. In this case, the
recording magnetic field 1s applied to a track neighboring to
a track to be recorded. Therelfore, a problem of a side erase,
namely a problem of erasing of the magnetization recorded
in the neighboring track, may happen. Because of this, the
S/N ratio 1s reduced so that there 1s a limitation to 1ncreasing,
track density. Furthermore, since the recording magnetic
field i a recording direction 1s spread, there 1s a limitation
to making the magnetization area corresponding to one bit
formed 1n the track to be recorded minute. Thus, 1t 1s difficult
to shorten the distance between tracks neighboring each
other and the distance between bits 1n a track longitudinal
direction.

SUMMARY OF THE INVENTION

[0009] Accordingly, it 1s a general object of the present
invention to provide a novel and useful magnetic recording
medium and magnetic storage apparatus in which one or
more of the problems described above are eliminated.

[0010] Another and more specific object of the present
invention 1s to provide a magnetic recording medium and
magnetic storage apparatus whereby a noise 1s reduced,
good ease 1n recording 1s obtained, the side erase or self
track erase 1s prevented, and a high recording density 1s
obtained.

[0011] The above objects of the present invention are
achieved by a magnetic recording medium, including:

[0012] a plurality of recording cells separated from each
other on a substrate 1mn a recording direction and a track
width direction perpendicular to the recording direction;

[0013] wherein the recording cell includes a recording
layer; and

[0014] the recording layer has a magnetic easy axis inclin-
ing in a designated oblique direction against a surface of the
substrate.

[0015] According to the present invention, the magnetic
recording medium includes the recording cells separated
from each other in the recording direction and the track
width direction. Hence, the interaction of the neighboring
recording cells 1s reduced so that the medium noise can be
prevented. The magnetic easy axis 1s 1clined against the
substrate surface. Since the magnetic easy axis 1s 1mnclined,
the recording layer of the recording cell that 1s an object for
being recorded can be magnetized by a smaller recording
magnetic field strength, and 1t 1s possible to obtain good ease
in recording. In addition, the magnetic easy axis of the
magnetic recording medium 1s orientated 1n a designated
oblique planar direction. By setting the oblique planar
direction to be the track width direction, 1t 1s possible to
prevent the side erase. Furthermore, by setting the oblique
planar direction of the magnetic easy axis to be the recording
direction, 1t 1s possible to prevent the self track erase. In
addition, by setting the oblique planar direction of the
magnetic easy axis to be a direction between the track width
direction and the recording direction, 1t 1s possible to prevent
both the side erase and the self track erase. As a result of this,
it 1s possible to provide a magnetic recording medium
whereby noise 1s reduced, good ease in recording 1s
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obtained, the side erase and the self track erase are pre-
vented, and a high recording density 1s obtained.

[0016] The above objects of the present invention are
achieved by a magnetic storage apparatus, including:

[0017] a recording generation part having a magnetic
head; and

[0018] a magnetic recording medium including a plurality
of recording cells separated from each other on a substrate
in a recording direction and a track width direction perpen-
dicular to the recording direction;

[0019] wherein the recording cell includes a recording
layer; and

10020] the recording layer has a magnetic easy axis inclin-
ing in a designated oblique direction against a surface of the
substrate.

[0021] According to the present invention, it is possible to
provide a magnetic storage apparatus whereby noise 1s
reduced, good ease 1n recording 1s obtained, the side erase
and the self track erase are prevented, and a high recording
density 1s obtained.

[10022] Other objects, features, and advantages of the
present 1nvention will become more apparent from the
following detailed description when read in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10023] FIG. 1 is a perspective basic structural view of a
magnetic recording medium of a first embodiment of the
present mvention;

10024] FIG. 2 is a plan view showing the magnetic
recording medium shown in FIG. 1;

10025] FIG. 3 is a schematic view showing a state where
the magnetic recording medium shown 1 FIG. 1 1s being
recorded;

10026] FIG. 4 is a graph showing a relationship between
a magnetization strength H, necessary for the reversal of the
magnetization and an angle 0, formed by a direction of a
recording magnetic ficld Ha shown 1n FIG. 3 and a magnetic
casy axis EA;

[10027] FIG. 5 is a plan view of another example of the
magnetic recording medium of the first embodiment of the
present mvention;

10028] FIG. 6 is a plan view of another example of the
magnetic recording medium of the first embodiment of the
present mvention;

[10029] FIG. 7 is a perspective cross-sectional view of a
magnetic recording medium of a first example of the first
embodiment of the present invention;

10030] FIG. 8 is a cross-sectional view of the magnetic
recording medium of the first example of the first embodi-
ment of the present invention;

10031] FIG. 9 is a cross-sectional view of a sputtering
apparatus for explaining a method for forming a base layer
of the recording medium of the first example of the first
embodiment of the present ivention;
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10032] FIG. 10 is a cross-sectional view of a magnetic
recording medium of a second example of the first embodi-
ment of the present invention;

10033] FIG. 11 1s a cross-sectional view of a magnetic
recording medium of a third example of the first embodi-
ment of the present invention;

10034] FIG. 12 1s a cross-sectional view of a magnetic
recording medium of a fourth example of the first embodi-
ment of the present invention;

10035] FIG. 13 is a cross-sectional view of a magnetic
recording medium of a fifth example of the first embodiment
of the present invention;

10036] FIG. 14 is a cross-sectional view of a magnetic
recording medium of a sixth example of the first embodi-
ment of the present invention;

10037] FIG. 15 1s a cross-sectional view of a magnetic
recording medium of a seventh example of the first embodi-
ment of the present invention;

[0038] FIG. 16 is a cross-sectional view of a magnetic
recording medium of an eighth example of the first embodi-
ment of the present invention;

10039] FIG. 17 1s a cross-sectional view of a magnetic
recording medium of a ninth example of the first embodi-
ment of the present invention;

[0040] FIG. 18 i1s a cross-sectional view of a magnetic
recording medium of a tenth example of the first embodi-
ment of the present invention;

10041] FIG. 19 is a cross-sectional view of a magnetic
recording medium of an eleventh example of the first
embodiment of the present invention;

10042] FIG. 20 is a cross-sectional view of a magnetic
recording medium of a twelfth example of the first embodi-
ment of the present invention; and

10043] FIG. 21 is a plan view showing a main part of a
magnetic storage apparatus of a second embodiment of the
present 1nvention.

DETAILED DESCRIPTTION OF THE PR
EMBODIMENTS

L]
g9y

N B N B
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A4 _F A4 _F

[0044] A description will now be given, with reference to

FIG. 1 through FIG. 21, of embodiments of the present
invention.

First Embodiment

[0045] FIG. 1 i1s a perspective basic structural view of a
magnetic recording medium of a first embodiment of the
present nvention. FIG. 2 1s a plan view showing the
magnetic recording medium shown i FIG. 1.

[0046] Referring to FIG. 1 and FIG. 2, in the magnetic
recording medium 10 of the first embodiment, recording
cells 12 are arranged on a substrate 11 with substantially
constant gaps 1n a recording direction (1n a X-axis direction).
The recording cells 12 arranged 1n the recording direction
form a single track. In addition, plural tracks are arranged
with substantially constant gaps 1n a direction (Y-axis direc-
tion) perpendicular to the recording direction.
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10047] Recording layers 13 are provided on the recording
cells 12. For the convenience of explanation, the recording
cell 12 1s described as being formed by only the recording
layer 13. A magnetic easy axis EA of the recording layer 13
1s inclined at a designated oblique angle against a substrate
surface 11a. An average of the oblique angle 15 set to be
equal to or larger than 10 degrees and equal to or less than
80 degrees. As described below, because of this setting, the
writeability of the recording cell 12 which 1s an object for
being recorded 1s improved. As shown 1n FIG. 2, an element
parallel with the substrate surface 11a (planar direction) of
the magnetic easy axis EA of the recording layer 13 1s
substantially parallel with a track width direction.

10048] FIG. 3 is a schematic view showing a state where
the magnetic recording medium 10 shown 1n FIG. 1 1s being,
recorded, a cross-sectional view of the magnetic recording
medium 10 being taken along the track width direction
(Y-axis direction). FIG. 4 1s a graph showing a relationship
between magnetization strength H, necessary for the rever-
sal of the magnetization of the recording layer 13 and an
angle 0, Tormed by the direction of a recording magnetic
ficld H1 shown in FIG. 3 and the magnetic easy axis EA.
The scale values H,/H,. of the vertical axis of FIG. 4 are
obtained by normalizing the recording magnetic field
strength H, necessary for the rotation of the magnetization
with an anisotropic magnetic field H,. The anisotropic
magnetic field H, 1s the magnetic field necessary for revers-
ing the magnetization by applying the recording magnetic
field Ha 1n a direction opposite to the magnetization direc-
tion 1n a case where the magnetization direction 1s parallel

with the magnetic easy axis EA. A relationship shown in
FIG. 4 1s 1n accordance with the Stoner Woltarth model.

10049] Referring to FIG. 3 and FIG. 4, a recording
magnetic field Ha 1s applied from a main magnetic pole 15
of a magnetic head for vertical recording to the magnetic
recording medium 10. The recording magnetic field Ha 1s
applied to a recording cell 12a situated on a track being an
object for recording in a direction substantially perpendicu-
lar to the substrate surface 11a. In a case where an average
oblique angle 0 , formed by the magnetic easy axis EA and
the substrate surface 11a 1s set to be between 10 degrees and
80 degrees, an angle 0, formed by the recording magnetic
ficld Ha and the magnetic easy axis EA 1s between 80
degrees and 10 degrees, respectively.

[0050] As shown in FIG. 4, if the angle 0., 1s close to O
degree or 90 degrees, H, 1s equivalent to H, . However, 11 O
1s 45 degrees, H, 1s 50% of H, . That 1s, 11 0 1s close to O
degrees or 90 degrees, the recording magnetic field strength
H,, necessary for reversing the magnetization 1s equivalent to
the anisotropic magnetic field H, . That 1s, 11 0 1s close to 45
degrees, the recording magnetic field strength H, 1s 50% of
H,, namely minimum. If the angle 04 1s between 80
degrees and 10 degrees, the recording magnetic field
strength H, necessary for reversing the magnetization 1s
reduced to a range from 0.66xHk to 0.50xHk so that it 1s
possible to easily reverse the magnetization. Theretfore, the
writeability 1s made good.

[0051] Referring back to FIG. 3, a recording magnetic
field spread from the main magnetic pole 15 1n the track
width direction 1s applied to the recording cell 126 neigh-
boring the recording cell 12a being an object for recording.
The direction of such a recording magnetic field 1s close to
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0 degrees or 90 degrees against the magnetic easy axis E
of the recording layer. In this case, as shown in FIG. 4, H,
1s substantially the same as Hy.. Since 1t becomes diflicult to
reverse the magnetization due to the recording magnetic
field being 1n this direction, the influence of the recording
magnetic field Ha on the magnetization of the recording cell
1256 neighboring in the track width direction 1s reduced. That
1s, the magnetic recording medium 10 can prevent the side
erase.

[10052] FIG. 5 is a plan view of another example of the
magnetic recording medium of the first embodiment of the
present mvention. Referring to FIG. 5, in the magnetic
recording medium 10a, the element parallel with the sub-
strate surface 1la (planar direction) of the magnetic easy
axis EA of the recording cell 12 1s oniented toward to the
recording direction (X-axis direction). The magnetic easy
axis EA 1s inclined against the substrate surface 1la as
shown 1n FIG. 3. By forming the magnetic easy axis EA, it
1s possible to reduce the influence given to the magnetization
of the recording cell 12 neighboring 1n the recording direc-
tion against the recording cell that 1s an object for being
recorded.

[0053] The magnetic field emanating in the recording
direction from the main magnetic pole 1s applied to the
recording cells 12 neighboring in the recording direction of
the recording cell that 1s an object to be recorded. The
direction of the recording magnetic field i1s a direction of O
degree or 90 degrees from the magnetic easy axis EA of the
recording cell 12 as well as the case shown in FIG. 3
(inclined oblique angle), 1n a case where the recording
magnetic field strength 1s large.

[0054] Therefore, since the magnetization may not be
reversed due to the recording magnetic field of such a
direction, the influence on the magnetization of the record-
ing cell 12 neighboring 1n the recording direction may be
laittle. That 1s, self track erase, wherein the magnetization
formed on the neighboring recording cells 1s demagnetized
just after recording 1s performed, 1s prevented.

[0055] FIG. 6 is a plan view of another example of the
magnetic recording medium of the first embodiment of the
present invention. Referring to FIG. 6, in the magnetic
recording medium 105, the element parallel with the sub-
strate surface 1la (planar direction) of the magnetic easy
axis EA of the recording cell 12 forms an angle of 45 degrees
against the recording direction so as to be orientated toward
the track width direction. The magnetic easy axis EA 1s
inclined against the substrate surface 11a as shown 1n FIG.
3. By forming the magnetic easy axis EA as illustrated 1n
FIG. 6, 1t 15 possible to have the same eflects as the magnetic
recording media shown 1n FIG. 2 and FIG. 5. That 1s, the
magnetic recording medium 10 can prevent both side erase
and the self track erase.

[0056] The recording layer of the recording cell may have
plural ferromagnetic crystal particles, the magnetic easy axis
of the crystal particle may be inclined against the substrate
surface, and the element parallel with the substrate surface
may face (planar direction) randomly. This 1s a case of
magnetic recording media of fourth and tenth examples
shown 1 FIG. 12 and FIG. 18 that are discussed below. In
a case ol such a magnetic recording medium, 1t 1s expected
that the eflects of the prevention of the side erase and the
prevention of the self track erase will be small. However, 1t
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1s possible to obtain larger effects of the above-mentioned
prevention of the side erase and the prevention of the self

track erase than for the magnetic recording medium shown
in FIG. 2 or FIG. 5.

10057] FIG. 7 is a perspective cross-sectional view of a
magnetic recording medium of a first example of the first
embodiment of the present mvention. FIG. 8 1s a cross-
sectional view of the magnetic recording medium of the first
example of the first embodiment of the present imnvention.
For the convenience of explanation, i1llustration of a lubri-
cating layer 1s omitted.

|0058] Referring to FIG. 7 and FIG. 8, a track area 30

where recording and reproducing are performed, and a track
separating area 31 whereby track areas 30 neighboring at
both sides 1n the track width direction of the track area 30 are
separated from each other are provided 1in a magnetic
recording medium 20 of a first example. In the track area 30,
recording cells 32 and cell separating areas 33 put between
the neighboring recording cells 32 are provided 1n a circum-
ferential direction.

[0059] In the magnetic recording medium 20, a seed layer
22, a base layer 23, an mtermediate layer 24, a recording
layer 25 made of ferromagnetic material having a hcp
structure whose main component 1s Co, and a protection
layer 26 made of a carbon film or the like are stacked on a
substrate 21 1n this order. A lubricating layer 28 1s formed on
the protection layer 26. The recording layers 25 are sepa-
rated for every recording cell 32.

[0060] The substrate 21 may be, for example, a plastic
substrate, a crystallized glass substrate, a tempered glass
substrate, S1 substrate, aluminum alloy substrate, or the like.

[0061] The seed layer 22 may be made of non-crystalloid
or fine crystallite material such as crystalloid CoW, Crli, or
Ni1P. It 1s possible to exclude an influence of crystal orien-
tation given from a material forming the substrate to the base
layer 23 by providing the seed layer 22. Therefore, a
polycrystalline material of the base layer 23 1s uniformly
formed. Another seed layer made of material forming a B2
structure such as AlRu or N1Al may be formed on the seed
layer 22. By using another seed layer made of such a
maternial, 1t 1s possible to heighten the crystallinity of the
base layer 23 formed on the seed layer.

[0062] It is preferable that the base layer 23 is selected
from a Cr-Xl1 alloy (X1 1s selected from a group consisting
of Mo, W, V, B, and T1 and alloys of them) or Cr having a
bce crystal structure, and the thickness of the base layer 23
be set to be 1n a range between 3 nm and 10 nm. The base
layer 23 1s made of, for example, CrMo or CrV. By using the
Cr-X1 alloy as the base layer 23, 1t 1s possible to improve the
lattice matching with the intermediate layer 24 so as to
improve crystallinities of the intermediate layer 24 and the
recording layer 25. As a result of this, the width of an angle
distribution of ¢ axis CA2 of the crystal particles of the
recording layer 25 can be narrowed.

[0063] The intermediate layer 24 i1s made of material
having a hcp structure. The intermediate layer 24 1s formed
by inclining a (0001) surface against the substrate surface
21a. Because of this, the recording layer 25 having the hep
structure can easily epitaxially grow on the intermediate
layer 24 and the (0001) surface of the recording layer 23 1s
inclined against the substrate surface. Here, the crystal
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particles 24a forming the intermediate layer 24 grow so as
to be inclined against the substrate surface and the (0001)
surface 1s oriented 1n a direction perpendicular to the growth
direction.

[0064] Such an intermediate layer 24 is formed by an
incident sputtering apparatus shown in FIG. 9.

[0065] It 1s preferable that the film thickness of the inter-

mediate layer 24 be set to be 1n a range from 2 nm to 20 nm.
The matenial of the intermediate layer 24 1s selected from a
group consisting of Ru, Re, non-magnetic CoCr, and CoCr-
M1 alloy (M1 1s selected from a group consisting of Os, Re,
Ru, and Ta and alloys of them).

[0066] The recording layer 25 is made of a ferromagnetic
material having a hcp structure whose main component 1s
Co. It 1s preferable that CoCr, a CoCr group alloy, CoCrTa,
a CoCrla group alloy, CoCrPt, or a CoCrPt group alloy be
used as the ferromagnetic matenial. CoCrPt-M2 (M2 1s
selected from a group consisting of B, Ta, N1, Cu, Ag, Pd,
S1, C, Fe, Re, Nb, and Hf and alloys of them) 1s more
preferable from the view point of the control of the particle
diameter of the crystal particles 25a of the recording layer

23.

[0067] The recording layer 25 may be made of oxide of the
terromagnetic material having the hep structure whose main
component 1s Co, such as CoCrPt—0O. The recording layer
25 may be a mixture of the ferromagnetic material having
the hcp structure whose main component 1s Co and an oxide

such as S10, MgO, Al,O;, or such as CoCrPt—S10.,.

[0068] The crystal particles 25a of the recording layer 25
grow 1n a direction perpendicular to the substrate surface
21a. Since the recording layer 25 epitaxially grows on the
surface of the intermediate layer 24, the recording layer 25
takes over the inclined (0001) surface of the intermediate
layer 24 so that the (0001) surface inclines toward an
external periphery side. Hence, since the ¢ axis CA2 of the
recording layer 25 1s a magnetic easy axis, the magnetic easy
axis 1s formed so as to be inclined to the external periphery
side. The film thickness of the recording layer 25 1s set to be,
for example, 1n a range between 5 nm and 30 nm.

[0069] As shown in FIG. 8, the recording layers 25 are
separated from each other for every recording cell 32. By
separating the recording layers 25, the recording layer 25
substantially functions as a magnetic body of a single
magnetic part. The recording layer 25 1s magnetized 1n a
single direction 1n the magnetized state. Since the recording,
layers 25 are separated in the recording direction and the
track width direction, interaction working between the
recording layers 25 1s reduced.

[0070] As a result of this, the magnetic recording medium
20 can reduce the medium noise or track edge noise.

[0071] The recording layer 25 may include two magnetic
layers and a non-magnetic connection layer put between the
magnetic layers. The recording layer 25 may be a laminated
body having a exchange coupled structure where the mag-
netic layers are exchange-coupled 1n a non-ferromagnetic
manner via the non-magnetic connection layer 17. Materials
of the magnetic layers are selected from materials similar to
the above-discussed recording layer. Since the recording
layer 235 has the above-discussed structure, thermal stability
of the magnetization recorded 1n the recording layer can be
improved.
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[0072] As described above, the magnetic recording
medium 20 of the first example 1s made of the recording
cells 32 separated from each other 1n the recording direction
and the track width direction. Because of this, the interaction
working between the 30 neighboring recording cells 32 1s
reduced so that medium noise can be prevented. Since the
crystal particle of the intermediate layer having the hcp
structure of the magnetic recording medium 20 of the first
example 1s provided 1n a state where the (0001) surface 1s
inclined 1 a designated direction against the substrate
surface, the (0001) surface of the crystal particle 25a of the
recording layer formed on the intermediate layer 1s inclined
by taking over (being influence by) the above discussed
inclination. Because of this, the magnetic easy axis (¢ axis)
EA of the recording layer 25 1s inclined at a designated
oblique angle against the substrate surface 21a. Because of
this, 1 the magnetic recording medium 20 of the first
example, since the magnetic easy axis (¢ axis) CA2 is
inclined, the recording layer 25 of the recording cell 32 that
1s an object to be recorded can be magnetized by a smaller
recording magnetic strength and therefore good writeability
can be obtamned. In addition, 1n the magnetic recording
medium 20 of the first example, the oblique planar direction
of the ¢ axis CA2, namely magnetic easy axis, 1s set to be 1n
the track width direction so that the side erase can be
prevented. In addition, the oblique planar direction of the
magnetic easy axis 1s set to be 1n the recording direction so
that the self track erase can be prevented. Furthermore, by
setting the oblique planar direction of the magnetic easy axis
in both the track width direction and the recording direction,
both the side erase and the self erase can be prevented.

[0073] Next, a manufacturing method of the magnetic
recording medium of the first example 1s discussed with
reference to FIG. 7 through FIG. 9. First, the seed layer 22
and the base layer 23 are formed in this order on the
substrate 21 by using the sputtering method. Next, the
intermediate later 1s formed 1n an oblique incidence method
by using the sputtering apparatus shown i FIG. 9.

[0074] FIG. 9 1s a cross-sectional view of a sputtering
apparatus for explaining a method for forming a base layer
of the recording medium of the first example of the first
embodiment of the present invention. Referring to FIG. 9,
a sputtering apparatus 35 includes a shield part 37 provided
between a sputtering target 36 and a substrate 21. Opening,
parts 38 are provided 1n the shield part 37. The opening part
38 pierces the shield part 37 so as to spatially connect the
sputtering target 36 and the substrate 21. The opening part
38 1s formed 1n a direction from a side of the sputtering
target 36 to a side of the substrate 21 and 1n a direction from
an external circumiferential side to an internal circumieren-
tial side of the substrate 21. That 1s, only sputtering particles
going from the external circumierential side to the internal
circumierential side among the sputtering particles coming
from the sputtering target 36 selectively permeate. As a
result of this, as shown i FIG. 8, the crystal particles 24a
inclining to the external circumierential side against the
substrate surface 21q are formed on the base layer 23 of the
substrate 21. Here, it 1s preferable that the oblique angle be
set to be between 10 and 80 degrees from the perspective of
angle control of the ¢ axis CAl of the mtermediate layer.

[0075] In the crystal particle 24q, the ¢ axis CA1l having
the hcp structure 1s formed along the growth direction and
the (0001) surface 1s formed 1n a direction perpendicular to
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the ¢ axis CAl. The shield part 37 rotates with respect to a
rotational axis coaxially with a central axis passing through
a center of the substrate 21 perpendicular to the substrate
surface 21a so that the intermediate layer 24 can be formed
uniformly. In addition, it 1s possible to control the oblique
direction against the substrate surface 21a of the ¢ axis CA1l
of the crystal particle 24a by quickening the rotational
speed. For example, it 1s possible to control the oblique
planar direction from the track width direction to the record-
ing direction side by quickening the rotational speed.

[0076] By using this sputtering apparatus 35, the sputter-
ing target made of material having the hep structure 1s used
and the shield part 35 is rotated so that the intermediate layer
24 having a film thickness of, for example, 2 nm through 20
nm 1s formed.

[0077] Next, the recording layer 25 is formed by using the
sputtering apparatus. More specifically, by using the sput-
tering target made of the material of the recording layer, the
sputtering particles are incident in a direction substantially
perpendicular to the substrate surface so that the recording
layer 25 having a film thickness of 5 nm through 30 nm 1s
formed. Thus, the recording layer 25 covering the interme-
diate layer 24 can be formed.

[0078] Next, a resist film (not shown) is formed on the
recording layer 25 so that a pattern 1s formed on the resist
film by a photolithography method. As a pattern forming
method for the resist film, a method whereby a photo mask
having a pattern 1s made in advance, ultraviolet light such as
g-ray or 1-ray, or X-ray 1s projected in a whole by using the
photo mask and a projection aligner, and the pattern 1s
formed on the resist film by exposure, or a developing
process may be used. Alternatively, a method whereby a
pattern may be directly formed on the resist film by scanming
with a KrF laser, ArF laser, far ultraviolet ray such as F,,
clectron rays, 1on beam, electron beam, or the like may be
used. A method whereby a pattern 1s formed by using an
interference of laser light may be used (See Savas et al., .
Appl. Phys, Vol 85 (1990) pp. 6160). In addition, so-called

nano print lithography may be used.

[0079] A mold where a pattern of the recording cell is
formed 1n advance as a concave and convex part 1s heated
and pressed to a resist film or photo-curing resin formed on
the recording layer 23 so that a pattern 1s formed 1n the nano
print lithography.

[0080] Next, the recording layer 25 is selectively removed
by dry etching such as the RIE (Reactive Ion FEtching)
method wherein a resist film having patterns 1s used as a
mask so that the pattern of the recording cell 32 1s formed.
At the time of etching, as shown 1n FIG. 7, only a recording
layer functioning as a cell separating area 33 or a track
separating area 31 may be removed. In addition, the inter-
mediate layer 24, the base layer 23, or the seed layer 22 may
be removed.

[0081] Then, the protection film 26 covering a surface of
the intermediate layer 24 and the patterned recording layer
25 1s formed by a CVD method or sputtering method. Next,
a lubricating agent 1s applied to a surface of the protection
film 26 so that a lubricating layer 28 1s formed. Thus, the
magnetic recording medium 20 of the first example 1s made.

[0082] In this manufacturing method, the intermediate
layer 24 1s formed by an oblique incidence method and the
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oblique direction of the crystal particle 24a 1s controlled, so
that a axis CA2 of the recording layer 25 i1s formed 1n a
desirable direction. Since the recording layer 25 functioning
as the cell separating area 33 or the track separating area 31
1s removed by the photo lithography method and the etching
method so that the recording cell 32 1s formed, it 1s possible
to form the recording cell 32 without damaging the record-
ing layer 25 of the recording cell 32. In addition, since the
recording layer 25 1s a thin layer, the recording layer 25 can
be easily removed by dry etching.

10083] FIG. 10 is a cross-sectional view of a magnetic
recording medium of a second example of the first embodi-
ment of the present invention. FIG. 10 shows a cross section
taken along the track direction. In FIG. 10, parts that are the
same as the parts shown in FIGS. 1-9 are given the same
reference numerals, and explanation thereof 1s omitted.

[0084] Referring to FIG. 10, in a magnetic recording
medium 40 of the second example, the seed layer 22, the
base layer 23, the mtermediate layer 24, an anode oxide
alumina film 41 having pores, the protection layer 26, and
the lubricating layer 28 are stacked on a substrate 21 1n this
order. The recording layer 25 1s formed in the pore 41a. The
magnetic recording medium 40 1s the same as the magnetic
recording medium of the first example shown in FIG. 7 and
FIG. 8 other than that the recording layer 25 1s formed 1n the
anode oxide alumina film 41 and the pore 414, and therefore
explanation thereof 1s omitted.

[0085] The anode oxide alumina film 41 is made of an
amorphous alumina film and a large number of pores 41a
piercing 1n a thickness direction of the amorphous alumina
film. The anode oxide alumina film 41 1s formed by con-
verting the aluminum film by using the anode oxide method.
The pore 41a 1s formed 1n a state where a concavity formed
on a surface of the aluminum film i1n advance or mn a
self-organized manner 1s a starting point.

[0086] The thickness of the anode oxide alumina film 41

1s set 1n a range equivalent to the thickness of the recording
layer 25 formed in the pore 41a. It 1s preferable that the
thickness of the anode oxide alumina film 41 be set 1n a
range between 5 nm and 30 nm.

|0087] The recording layer 25 is selected from a material
the same as the material of the magnetic recording medium
of the first example. The recording layer 25 follows the
oblique (0001) surface of the imntermediate layer 24 and the
(0001) surface 1s made of oblique crystal partlcles 23a. That
1s, the ¢ axis CA of the crystal particle 254 1s inclined against
the substrate surtace 21a. The recording layer 25 formed in
the pore works as a recording cell. Since the pore 41a has a
cylindrical shaped configuration, a recording cell having a
columnar shaped configuration 1s formed.

[0088] Inthe magnetic recording medium 40 of the second
example, as well as the magnetic recording medium of the
first example, the recording layer 25 formed in the pore 41a
1s inclined 1n a designated oblique direction so that the same
cllect as the magnetic recording medium of the first example
1s obtained. In addition, since the surface of the recording
layer 25 1s substantially consistent with the surface of the
anode oxide alumina film 41, the surface of the magnetic
recording medium 40 1s flattened. Therefore, since the
magnetic head can be flown close to the surface of the
magnetic recording medium 40, a reproducing output or a
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reproducing resolution at a high recording density 1s
improved so that the S/N ratio 1s improved.

[0089] Next, a manufacturing method of the magnetic
recording medium 40 of the second example 1s explained
with reference to FIG. 10. First, the seed layer 22, the base
layer 23, and the intermediate layer 24 are formed 1n the
substrate 21 by using the same method as the method for the
magnetic recording medium of the first example.

[0090] Next, the aluminum film (not shown) is formed on
the intermediate layer 24 by a deposition method, sputtering
method, CVD method or the like, and then the aluminum
film 1s converted to the anode oxide alumina film by an
anode oxide method. For example, a sulfuric acid bath,
phosphoric acid bath, or oxalic acid bath 1s used for the
anode oxide method for the aluminum film. The substrate 21
where the aluminum film 1s formed 1s dipped 1n such a bath.
In a case where the seed layer 22, the base layer 23, the
intermediate layer 24 or the substrate 21 1s conductive, an
clectric voltage 1s applied 1n a state where the substrate 21
functions as an anode and a carbon or platinum electrode
whose part 1s dipped 1n the bath functions as a cathode.
Under this structure, the aluminum film 1s converted into the
anode oxide alumina film 41 made of amorphous alumina
simultaneously with the pore 41a piercing from the surface
of the anode oxide alumina film 41 to the intermediate layer
24 being formed. In addition, since the pores 4la are not
bonded to each other, the recording layers 235 formed after
this can be separated.

[0091] The arrangement of the pores 41a can be controlled
by providing a concave part on the surface of the aluminum
film by using a photolithography method, an etching method
or a stamping method, prior to an anode oxide process. This
1s because the concave part 1s a starting point of forming the
pore. This control may be done by a two-steps anode oxide
method whereby the concave part 1s formed by applying a
voltage determining the interval of the pores 1n a first step of
the anode oxide process and the pores are formed in the
concave part by applying the voltage causing the anode
oxide reaction 1n a second step anode oxide process.

[0092] Next, the recording layer 25 1s formed so as to fill
in the pore 41a by the sputtering method. Details of the
forming method of the recording layer 25 are the same as the
method for the magnetic recording medium of the first
example. The recording layer 25 epitaxially grows on the
intermediate layer 24 and the (0001) surface 1s iclined.

[0093] Next, the recording layer is flattened by a CMP

(Chemical Mechanical Polishing) method so that a surface
of the anode oxide alumina film 41 1s exposed and the
recording layer 23 stacked on the surface of the anode oxide
alumina film 1s removed. Then, the protection film 26 and
the lubricating layer 28 are formed 1n the same way as the
magnetic recording medium of the first example.

[0094] In this manufacturing method, since the recording
layer 25 1s formed 1n the pore so that the recording cell 1s
formed, 1t 1s not necessary to etch the recording layer 25.
Since patterning of the recording layer such as patterning in
the manufacturing method of the magnetic recording
medium of the first example 1s not necessary, the process can
be drastically simplified.

[0095] FIG. 11 is a cross-sectional view of a magnetic
recording medium of a third example of the first embodi-
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ment of the present invention. FIG. 11 shows a cross section
taken along the track direction. The magnetic recording
medium of the third example 1s a modified example of the
magnetic recording medium of the second example shown in
FIG. 10. In FIG. 11, parts that are the same as the parts
shown 1n FIGS. 1-10 are given the same reference numerals,
and explanation thereotf 1s omuitted.

[0096] Referring to FIG. 11, in a magnetic recording
medium 45 of the third example, the anode oxide alumina
f1lm 41 1s provided on the base layer 23 and the intermediate
layer 24 and the recording layer 235 are formed in the pore
41a of the anode oxide alumina film. Such a structure is
especially effective 1n a case where an aspect ratio (ratio of
the depth of the pore and the diameter of a cross section
parallel with a substrate surtace of the pore) of the pore 414
1s sufliciently small. The magnetic recording medium 435 has
the same eflect as the magnetic recording medium of the
second example.

[0097] Next, a manufacturing method of the magnetic
recording medium 45 of the third example 1s discussed. As
well as the magnetic recording medium of the first example,
the seed layer 22 and the base layer 23 are formed on the
substrate 21 and then the anode oxide alumina film 41 1s
formed on the base layer 23. The anode oxide alumina film
41 1s formed by the same method as the method for the
magnetic recording medium of the second example.

[0098] After that, the intermediate layer 24 1s formed in
the pore of the anode oxide alumina film by the oblique
sputtering method shown i FIG. 9. Then, the recording
layer 25 1s formed 1n the same way as the way for the
magnetic recording medium of the second example. Next,
the flattening process 1s implemented and the protection film
26 and the lubricating layer 28 are formed.

[0099] According to this manufacturing method, the same
cllect as the eflfect achieved by the manufacturing method
for the magnetic recording medium of the second example
1s achieved. In addition, the recording layer 25 1s formed just
alter the intermediate layer 24 1s formed. Therefore, the
surface of the mtermediate layer 24 may not be contami-
nated. The recording layer 25 1s formed 1n a state where the
intermediate layer 24 1s activated. Hence, the recording layer
25 can be formed on the intermediate layer 24 1n a good
crystalline state.

[0100] FIG. 12 1s a cross-sectional view of a magnetic
recording medium of a fourth example of the first embodi-
ment of the present invention. In FIG. 12, parts that are the
same as the parts shown 1n FIGS. 1-11 are given the same
reference numerals, and explanation thereof 1s omitted.

10101] Referring to FIG. 12, in the magnetic recording
medium 50 of the fourth example, the ornientation control
layer 52, the base layer 53, the recording layer 54, the
protection layer 26 made of, for example, a carbon film, and
the lubricating layer 28 are formed on the substrate 21.

[0102] The orientation control layer 52 made of the non-
magnetic material including nitrogen and oxygen has a film
thickness of, for example, 1 nm through 150 nm. The
nitrogen and oxygen included in the orientation control layer
52 may be taken from the atmosphere at the time when the
orientation control layer 52 1s stacked or may be included 1n
the sputtering target 1n advance. A material including nitro-
gen and oxygen of amorphous metal of N1P, A1V, AlTi, CoW,
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or Cr1i, crystalline metal having a B2 structure such as
RuAl, NiAl, or FeAl, a material including nitrogen and
oxygen ol crystalline metal having a bcce structure such as
Cr, CrNb, CrW, CrMo, or CrV, or a material including
nitrogen and oxygen and having a bcc structure of Au, Al,
Ag, Pt or an alloy of these chemical elements, may be used
as a non-magnetic material suitable for the orientation
control layer 25.

[0103] The thickness of the base layer 53 may be set in a
range of, for example, between 1 nm and 150 nm. The base
layer 33 1s made of Cr or a Cr group alloy whose main
component 1s Cr. The Cr group alloy 1s formed by a Cr-X2
alloy having a bcce structure (body-centered cubic structure).
An additional element X2 1s selected from a group consist-
ing of W, Mo, Nb, Ta, V and an alloy of these elements. The
f1lm thickness of the base layer 53 1s set to be 1n a range of,
for example, between 1 m and 150 nm. It 1s preferable that
the thickness be set be 1n a range between 5 and 30 nm. The
base layer 53 1s poly-crystal made of a large number of the
crystal particles 533a. A (110) crystal surface of the crystal
particle 33a grows in a direction perpendicular to the
substrate surface 21a by action of the ornentation control
layer 52. As a result of this, a (110) crystal surface appears
on the surface of the base layer 23 and a (10-11) surface of
the recording layer 54 1s coordinated. The crystal particle
54a wherein ¢ axis CA2 1s at an oblique angle 1s formed on
the recording layer 54.

[0104] A grating constant of the base layer 53 can be
controlled by properly selecting a kind or included amount
of the additional element X2. Because of this, lattice match-
ing of the (110) surface of the base layer and the (10-11)
surface of the recording layer can be heightened. The base
layer 53 may include Cr, the Cr group alloy whose main
component 1s Cr, nitrogen, or oxygen.

[0105] The film thickness of the recording layer 54 may be
set 1n a range of between, for example, 5 nm and 30 nm and
the recording layer 54 1s selected from matenial the same as
the matenial for the magnetic recordmg medium of the first
example. The recording layer 34 1s poly-crystal made of the
crystal particles 54a. The crystal particle 34a epitaxially
ogrows on the surface of the base layer 33 and extends in a
direction perpendicular to the substrate surface 21a. Since
the (110) crystal surface appears on the surface of the base
layer 23 by action of the orientation control layer 23, the
crystal particle 54a grows so that the (10-11) crystal surface
1s lattice-matched. Theretore, the (10-11) surface of the
crystal particle 54a 1s parallel with the substrate surface 21a.
The ¢ axis A2 of the crystal particle 54a 1s inclined at
pproximately 28 degrees against the (10-11) crystal surface.
Therefore, the ¢ axis CA2 of the crystal article 54a 1s
inclined at approximately 28 degrees against the substrate
surface 21a. If all of the crystal particles 24a are 1n the
above-mentioned state, the ¢ axis CA2 1s inclined at 28
degreesx2 degrees against the substrate surface 21a, as

considering the distribution of the directions of the ¢ axes
CA2.

[0106] The grating constants for the crystal particles 54a
or directions of the crystal surfaces are distributed to some
extent. The ¢ axes CA have a distribution of the directions
as corresponding to the action of the orientation control
layer 22. As a result of this, the oblique angle formed by the
¢ axis CA2 of the crystal particle 54a and the substrate
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surface 21a 1s larger than O degrees and equal to or less than
30 degrees. It 1s preferable that the angle formed by the ¢
axis CA2 of the crystal particle 54a and the substrate surface
21a be equal to or larger than 25 degrees and equal to or less
than 30 degrees from the view point of reduction of the
recording magnetic field strength. Such a range can be
obtained by stacking a non-magnetic material in the atmo-
sphere of argon gas and oxygen gas or nitrogen gas having
a concentration of 2 volume % through 40 volume % at the
time when the orientation control layer 52 1s formed by the
sputtering method.

10107] The oblique directions of the ¢ axis CA2 of the
crystal particles 54a are different for every crystal particle,
namely are random. This 1s different from the crystal par-
ticles of the recording lavyers of the first through third
magnetic recording media that have designated oblique
directions. Because of this, the magnetic easy axis of the
whole of the recording layer has a designated oblique angle
against the substrate surface 21a equal to the oblique angle
of the ¢ axis CA2. A direction parallel with the substrate
surface 1s an 1sotropic direction.

[0108] In the magnetic recording medium 50 of the fourth
example, by providing the orientation control layer 52, a
(110) surface appears on the surface of the base layer 53 by
action of the orientation control layer 52 so that the record-
ing layer 54 i1s formed by coordinating the (10-11) surface.
As a result of this, the ¢ axis CA2 of the crystal particle 54a
of the recording layer 54 1s inclined at a designate oblique
angle and the oblique angle 1s diflerent for every crystal
particle. As a result of this, the magnetic easy axis of the
recording layer 54 has a designate oblique angle against the
substrate surface 21a equal to the oblique angle of the ¢ axis
CA2. A direction parallel with the substrate surface 1s an
1sotropic direction. Therefore, the magnetic recording
medium 50 of the fourth example, as well as the magnetic
recording medium shown in FIG. 6, can prevent both the
side erase and the self track erase. The magnetic recording
medium 50 of the fourth example has the same effect as the
ellect achieved by the magnetic recording medium of the
first example.

[0109] The manufacturing of the magnetic recording
medium of the third example 1s done by the forming method
for respective layers. The pattern of the recording cell 55 1s
formed by the same method for the magnetic recording
medium of the first example.

[0110] FIG. 13 is a cross-sectional view of a magnetic
recording medium of a fifth example of the first embodiment
of the present invention. The magnetic recording medium of
the fifth example 1s a combination of the magnetic recording,
media of the second, fourth, and fifth examples. In FIG. 13,
parts that are the same as the parts shown in FIGS. 1-12 are
given the same reference numerals, and explanation thereof
1s omitted.

[0111] Referring to FIG. 13, in the magnetic recording
medium 60 of the fifth example, a conductive layer 61, an
anode oxide alumina film having pores 41qa, the protection
layer 26, and a lubricating layer 28 are stacked on the
substrate 1n this order. The orientation control layer 52, the
base layer 53, and the recording layer 54 are formed 1n this
order in the pore 41. The magnetic recording medium 60 has
the same structure as the structure of the magnetic recording,
medium of the fourth example other than that the orientation
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control layer 52, the base layer 53, and the recording layer
54 are formed in this order 1n the pore 41.

[0112] The orientation control layer 52, the base layer 53,
and the recording layer 54 are selected from the same
materials as the material for the magnetic recording medium
of the fourth example and are made by the same method as
the method for the magnetic recording medium of the fourth
example. Therefore, the ¢ axis CA2 of the crystal particle
54a of the recording layer 54 has a designated oblique angle
and the oblique angle 1s diflerent for every crystal particle.
As a result of this, in the magnetic recording medium 60 of
the fifth example, the magnetic easy axis of the recording
layer 54 has the designate oblique angle against the substrate
surface 21a equal to the oblique angle of the ¢ axis CA2. The
planar direction parallel with the substrate surface 1s an
1sotropic direction. Therefore, both the side erase and the
self track erase can be prevented.

[0113] In addition, in the magnetic recording medium 60
of the fifth example, as well as the magnetic recording
medium of the second example, the S/N ratio 1s improved.
Furthermore, 1 the magnetic recording medium 60, the
orientation control layer 52, the base layer 53 and the
recording layer 34 are formed in the pore 41 by a sputtering
method whereby an incident direction 1s perpendicular to the
substrate surface. Therefore, a space such as a shadow may
not be in the pore 41q and 1t 1s possible to easily {ill the pore

41a with the layers 52 through 54.

[0114] FIG. 14 is a cross-sectional view of a magnetic
recording medium of a sixth example of the first embodi-
ment of the present invention. In FIG. 14, parts that are the
same as the parts shown in FIGS. 1-13 are given the same
reference numerals, and explanation thereof 1s omitted.

[0115] Referring to FIG. 14, in a magnetic recording
medium 70 of the sixth example, a recording layer 71, the
protection film 26 and the lubricating layer 28 are stacked on
the substrate 21 1n this order. A recording cell 74 1s formed
in a state where the recording layers 71 are separated from
cach other.

[0116] The recording layer 71 is formed by plural hard
magnetic material nano particles 72 and a carbon phase 73
filling a part where the particles 72 are not situated. The
thickness of the recording layer 71 1s set to be between 3 nm
and 50 nm. In addition, the recording layer 71 may have a
structure where the hard magnetic material nano particles 72
are staked 1n a single layer state or plural layers state.

[0117] The hard magnetic material nano particle 72 is
made of a ferromagnetic material whose main component 1s

an alloy of one of FePt, FePd, and CoPt. This alloy has high
magnetic anisotropic energy and a high coercive force.

[0118] Fe,oo_xPtx, Fejgo_xPdx, Coygo_xPty, and Co
xPd,, can be used as a ferromagnetic material of the hard
magnetic material nano particle 72. It 1s preferable that X be
set to 20 at % through 60 at %, more preferably 35 at %
through 35 at %. By setting a composition to the above
mentioned range, 1t 1s possible to achieve higher magnetic
anisotropic energy and a higher coercive force. As the
terromagnetic material of the hard magnetic material nano
particle 72, Fe,Pt, FePt,, Fe,Pd, FePd,, Co,Pt, and CoPt,
can be used.

[0119] In addition, as the ferromagnetic material of the
hard magnetic material nano particle 72, for example, an
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additional element selected from a group consisting of Ag,
Au, Cu Sb, and N1 may be added to either FePt alloy, FePd
alloy or CoPt alloy. The above-mentioned additional ele-
ment can improve the writeability by reducing the magnetic
anisotropic energy as corresponding to the size of the
recording magnetic field of the magnetic head in a case
where the magnetic anisotropic energy 1s too high when only
the above mentioned alloy 1s used.

10120] The average particle diameter of the hard magnetic
material nano particle 72 1s set to be 1n a range equal to or
larger than 2 nm and equal to or smaller than 10 nm. If the
average particle diameter 1s larger than 10 nm, the volume
of the carbon phase 73 between the hard magnetic material
nano particles 72 becomes large so that the medium noise 1s
increased. If the average particle diameter 1s smaller than 2
nm, the hard magnetic material nano particles 72 easily
become super-paramagnetic at room temperature so that 1t 1s
dificult to keep the ferromagnetism.

[0121] A standard deviation of the particle diameter of the
hard magnetic material nano particles 72 1s set to be 1n a
range less than 10% of the average particle diameter. If the
standard deviation of the particle diameter exceeds 10% of
the average particle diameter, the distribution of magneto-
static interaction of the hard magnetic material nano par-
ticles 72 becomes large so that the medium noise 1s
increased.

[0122] In addition, the magnetic easy axis EA of the hard
magnetic material nano particles 72 1s inclined 1n a desig-
nated oblique direction against the substrate surface 21a.
The magnetic easy axis EA of the hard magnetic material
nano particles 72 1s set by a magnetic field direction at the
time of heat treatment 1n the magnetic field for forming the
hard magnetic material nano particles 72.

[0123] Next, a forming method of the recording layer of
the magnetic recording medium 70 of the sixth example 1s
discussed. First, a hard magnetic nano particle precursor 1s
formed as a precursor of the hard magnetic nano particle 72
by a well-known chemical synthesis method. Then, the hard
magnetic nano particle precursor obtained by spin coating 1s
applied on the substrate 21. Then, the heat treatment 1n the
magnetic field 1s applied so that the magnetic field 1s applied
and heating 1s applied in a designated direction for crystal
regularization and orientation of the hard magnetic nano
particle precursor. At the time of the heating treatment 1n the
magnetic field, the magnetic field 1s applied along a direction
in which the magnetic easy axis EA 1s set. For example,
heating temperature 1s set to be between 300° C. and 500°
C., an applied magnetic field 1s set to be between 10 kOe and
50 KOe, and a process time 1s set to be between 10 minutes
and 120 minutes. Thus, the hard magnetic material nano
particles 72 having a high coercive force can be obtained and
the easily magnetizable axes EA of the hard magnetic
material nano particles 72 are formed so as to be inclined in
a designated oblique direction against the substrate surface.

[0124] Next, the recording layer is etched by the same
method as the method for the magnetic recording medium of
the first example so that the recording cell 1s formed. Then,
the protection film and lubricating layer are formed.

[0125] In the magnetic recording medium 70 of the sixth
example, the recording layer of the recording cell 74 1s made
of the hard magnetic nano particle. The magnetic easy axis
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EA of the recording layer 71 1s inclined against the substrate
surface 1 a designated oblique direction. Hence, the mag-
netic recording medium 70 of the sixth example has the
same ellect as the eflect achieved by the magnetic recording
medium of the first example. In addition, 1n the magnetic
recording medium 70 of the sixth example, the desired
direction of the magnetic easy axis EA can be set i a
direction 1mn which the magnetic field at the time of the
heating treatment in the magnetic field 1s applied.

[0126] Furthermore, in the magnetic recording media of
the first through sixth examples, soit magnetic lining layers
may be provided on the substrates.

10127] FIG. 15 through FIG. 20 are cross-sectional views

of magnetic recording media of seventh through twellth
examples of the first embodiment of the present invention.
In FIG. 15 through FIG. 20, parts that are the same as the
parts shown in FIGS. 1-14 are given the same reference
numerals, and explanation thereof 1s omuitted.

[0128] Referring to FIG. 15 through FIG. 20, magnetic
recording media 80, 90, 95, 100 and 105 have the same
structures as structures of the magnetic recording media of
the first through sixth examples other than a soft magnetic
lining layer 81 is provided on the substrate 21.

[0129] The soft magnetic lining layer 81 has, for example,
a film thickness of 10 nm through 2 um. The soft magnetic
lining layer 81 1s made of non-crystalloid or fine crystallite
soit magnetic material including at least one kind of an
clement selected from a group consisting of Fe, Co, Ni, Al,
S1, Ta, T1, Zr, HI, V, Nb, C and B. As the siit magnetic
material, FeSi1, FeAlS1, FeTaC, CoNbZr, CoZrTa, CoCrNb,
NiFe, and NiFeNb can be used. The soit magnetic lining
layer 81 may be a single layer or plural layers.

[0130] The soft magnetic lining layer 81 may be formed
by stacking the first soft magnetic layer, the non-magnetic
connection layer, and the second soft magnetic layer 1n this
order. Matenals of the first soft magnetic layer and the
second soft magnetic layer of the soft magnetic lining layer
81 may be selected from a group consisting ol materials of
the solt magnetic lining layer 81. The non-magnetic con-
nection layer 1s formed by Ru, Rh, Ir, Ru group alloy, a Rh
group alloy, or an Ir group alloy. The non-magnetic connec-
tion layer has a film thickness of between 0.5 nm and 1.0 nm.
The magnetizations of the first soft magnetic layer and the
second soft magnetic layer are exchange-coupled 1 an
anti-ferromagnetic manner to each other by setting the film
thickness of the non-magnetic connection layer to be in the
above-mentioned range. Since the soit magnetic lining layer
81 has a so-called stacked ferr1 laminated structure, a
magnetic domain 1s prevented from being formed in the first
solt magnetic layer and the second soft magnetic layer and
there 1s no generation of a noise spike due to the movement
of a magnetic domain wall.

[0131] Inthe magnetic recording media 80, 85, 90, 95, 100
and 105 of seventh through twelfth examples of the first
embodiment of the present invention, since the soft mag-
netic lining layer 1s provided, the direction of the recording
magnetic field 1s perpendicular to the substrate surface 21a
in the recording cell to be recorded at the time when
recording 1s implemented by using the recording element for
vertical recording. Hence, 1t 1s possible to achieve good
writeability. In addition, 1n the magnetic recording media 80,



US 2006/0222896 Al

85,90, 95, 100 and 105 of seventh through twelith examples
of the first embodiment of the present invention, the side
erase and/or the self track erase can be prevented.

Second Embodiment

10132] FIG. 21 is a plan view showing a main part of a
magnetic storage apparatus of a second embodiment of the
present invention. Referring to FIG. 21, a magnetic storage
apparatus 110 of this embodiment includes a housing 111,
and a magnetic disk 112, a magnetic head 113, an actuator
unit 114, and others stored in the housing 111. The magnetic
disk 112 1s fixed to a hub 115 and driven by a spindle motor
(not shown). A base part of the magnetic head 113 1s fixed
to an arm 116. The magnetic head 113 1s installed in the
actuator unit 114 by the arm 116. The magnetic head 113 1s
rotated 1n a diameter direction of the magnetic disk 112 by
the actuator unit 114. In addition, an electronic substrate for
controlling recording and reproducing, the magnetic head
position, the spindle motor, and others 1s provided at a rear
side of the housing 111.

[0133] The magnetic head 113 is formed by a reproducing
head having a single magnetic pole type recording head and
GMR (Giant Magneto Resistive) element.

[0134] The reproducing head includes the GMR element.
The GMR element obtains information recorded in the
recording layer of the magnetic disk 112 by sensing the
direction of the magnetic field, wherein the magnetization of
the magnetic disk 112 1s emanated as a resistance change.
Instead of the GMR element, a TMR (Ferromagnetic Tunnel
Junction Magneto Resistive) element may be used.

[0135] The single magnetic pole type recording head 113
includes a main magnetic pole, a return yoke, and a record-
ing coil. The main magnetic pole made of the soit magnetic
material 1s used for applying the recording magnetic field to
the magnetic disk 112. The return yoke 1s magnetically
connected to the main pole. The recording coil guides a
recording magnetic field to the main magnetic pole and the
return yoke. The single magnetic pole type recording head
113 magnetizes the recording layer by applying the record-
ing magnetic field from the main magnetic pole 1n a direc-

tion perpendicular to the substrate surface of the magnetic
disk 112.

[0136] The magnetic disk 112 is any of the magnetic
recording media of the first through twellth examples. By
using the magnetic recording media of the first through
twellth examples, as discussed 1n the first embodiment, it 1s
possible to reduce the medium noise and to obtain good
writeability for the recording cell to be recorded. In addition,
the side erase and/or the self track erase can be prevented.

[0137] In a case where the magnetic head 113 is an
in-plane recording type recording element such as a ring
type thin film recording element, 1t 1s preferable to make an
clement parallel with the substrate surface of the magnetic
casy axis ol the recording layer of the magnetic recording
media of the first through twelfth examples to be oriented 1n
a direction against the recording direction 1 a range
between O degrees and +45 degrees.

10138] Under this structure, it 1s possible to maintain the
reproducing output and prevent both the side erase and the
self track erase.
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[0139] According to this embodiment, it 1s possible to
realize the magnetic storage apparatus wherein the medium
noise can be reduced and both the side erase and the self
track erase are prevented.

[0140] A basic structure of the magnetic storage apparatus
110 1s not limited to the structure shown in FIG. 21. The
magnetic recording medium of this embodiment 1s not
limited to the magnetic disk 112. For example, the magnetic
storage apparatus 110 may be a helical scan type or lateral
magnetic tape apparatus. The magnetic head for vertical
recording 1s mounted on a cylinder head 1n a case where the
magnetic head 1s a helical scan type, and mounted 1n a tape
width direction 1n a case where the magnetic head is a lateral

type.

[0141] The present invention is not limited to these
embodiments, but variations and modifications may be made
without departing from the scope of the present mnvention.

[0142] This patent application is based on Japanese pri-
ority patent application No. 2005-105239 filed on Mar. 31,
2003, the entire contents of which are hereby incorporated
by reference.

What 1s claimed 1s:
1. A magnetic recording medium, comprising:

a plurality of recording cells separated from each other on
a substrate 1 a recording direction and a track width
direction perpendicular to the recording direction;

wherein the recording cell includes a recording layer; and

the recording layer has a magnetic easy axis inclining 1n
a designated oblique direction against a surface of the
substrate.

2. The magnetic recording medium as claimed 1n claim 1,

wherein a base layer having a hcp structure 1s provided
between the substrate and the recording layer;

a ¢ axis of the base layer 1s inclined against the substrate
surface:

the recording layer 1s made of a ferromagnetic material
having a hcp structure wherein Co 1s a major mgredi-
ent; and

the recording layer 1s epitaxially grown on the base layer.
3. The magnetic recording medium as claimed 1n claim 1,

wherein an anodic oxidation aluminum {film having a
plurality of pores 1s provided on the substrate; and

the recording cell 1s made of the recording layer filling 1n
the pore.

4. The magnetic recording medium as claimed 1n claim 3,

wherein a base layer having a hcp structure 1s provided
between the substrate and the recording layer;

a ¢ axis of the base layer 1s inclined against the substrate
surface;

the recording layer 1s made of a ferromagnetic material
having a hcp structure wherein Co 1s a major mgredi-
ent; and

the recording layer 1s epitaxially grown on the base layer.
5. The magnetic recording medium as claimed 1n claim 4,

wherein the base layer 1s formed 1n the pore.
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6. The magnetic recording medium as claimed 1n claim 1,

wherein a base layer and an orientation control layer made

ol a non-magnetic material including nitrogen or oxy-
gen are provided between the substrate and the record-

ing layer;

the recording layer 1s made of a ferromagnetic material
having a hcp structure wherein Co 1s a major mgredi-
ent,

the recording layer 1s epitaxially grown on a surface of the
base layer; and

a ¢ axis of the base layer 1s inclined against the substrate
surtace.
7. The magnetic recording medium as claimed 1n claim 6,

wherein an anodic oxidation aluminum film having a

plurality of pores 1s provided on the substrate or the
base layer; and

the recording cell 1s made of the recording layer filling 1n
the pore.
8. The magnetic recording medium as claimed 1n claim 7,

wherein an oblique angle of the ¢ axis against the sub-
strate surface 1s larger than 0 degrees and equal to or
less than 30 degrees.

9. The magnetic recording medium as claimed in claim 1,

wherein the recording layer includes a hard magnetic
nano particle;

a major ingredient of the hard magnetic nano particle 1s an

alloy of a compound selected from the group consisting
of FePt, FePd and CoPt; and

a magnetic easy axis ol the hard magnetic nano particle 1s
inclined against the substrate surface.
10. The magnetic recording medium as claimed in claim

11
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wherein an average oblique angle of the ¢ axis or the
magnetic easy axis ol the recording layer against the
substrate surface 1s equal to or larger than 10 degrees
and equal to or less than 80 degrees.

11. The magnetic recording medium as claimed 1n claim

1,

wherein an element parallel with the substrate surface of
a ¢ axis or a magnetic easy axis of the recording layer
1s orientated 1n a direction against the recording direc-
tion 1n a range between 0 degrees and 45 degrees.

12. The magnetic recording medium as claimed 1n claim

1,

wherein an element parallel with a substrate surface of a
¢ ax1s or a magnetic easy axis of the recording layer 1s
substantially parallel with the track width direction.

13. The magnetic recording medium as claimed 1n claim

1, further comprising;:

a soit magnetic lining layer provided on the substrate.
14. A magnetic storage apparatus, comprising:

a recording generation part having a magnetic head; and

a magnetic recording medium including a plurality of
recording cells separated from each other on a substrate
in a recording direction and a track width direction

perpendicular to the recording direction;
wherein the recording cell includes a recording layer; and

the recording layer has a magnetic easy axis inclining 1n
a designated oblique direction against a surface of the
substrate.

15. The magnetic storage apparatus as claimed 1n claim

14,

wherein the magnetic head includes a recording element
having a magnetic monopole type main magnetic pole.
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